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SUMMARY
Background: Thyroid enlargement and thyroid nodules are 
common in the general population. This review concerns 
their proper diagnostic assessment and treatment. 

Methods: We selectively reviewed the literature from 1990 
to 2012 and evaluated original articles and reviews re -
trieved from the PubMed database, as well as the recom-
mendations of the following specialty societies: the 
 German Societies of Endocrinology and Nuclear Medicine 
(Deutsche Gesellschaft für Endokrinologie, Deutsche 
Gesell schaft für Nuklearmedizin), the German Working 
Group for Endocrine Surgery (Chirurgische Arbeitsge-
meinschaft Endokrinologie, CAEK), the European Thyroid 
Association, and the American Thyroid Association.

Results: There have been very few randomized trials con-
cerning the diagnosis and treatment of goiter. Nodular 
goiter can be managed by watchful waiting, drug treat-
ment (initially with levothyroxine and iodide), radioactive 
iodine therapy, or surgery. 

Conclusion: Many patients with nodules need no treatment 
at all. Treatment is indicated, however, if the patient is 
symptomatic and/or has an autonomously functioning 
(“hot”) nodule, or if cancer is suspected. Potentially can-
cerous nodules must be operated on. If euthyroid nodular 
goiter is to be treated with the main goal of size reduction, 
either surgery or radioactive iodine therapy can be used. 
Drug treatment is an option for small nodules or goiters, 
but iatrogenic hyperthyroidism must be avoided at all 
costs. The type of follow-up that is required depends on 
the chosen treatment. 

►Cite this as: 
Führer D, Bockisch A, Schmid KW: Euthyroid goiter 
with and without nodules—diagnosis and treatment. 
Dtsch Arztebl Int 2012; 109(29–30): 506–16.  
DOI: 10.3238/arztebl.2012.0506

G oiter is defined as a thyroid gland that is larger 
than the upper limit of normal for the patient’s 

age and sex: 18 mL for women, 25 mL for men. 
Goiter is a physical finding, not an illness in itself. It 
has many causes and can take on many shapes 
(Table 1). Moreover, it can be associated with a euthy-
roid, hyperthyroid, or hypothyroid metabolic state. In 
this review, we discuss two entities: euthyroid diffuse 
goiter and nodular goiter (with one or more nodules). 
Little scientific evidence is available to date on the 
 diagnosis and treatment of diffuse and nodular goiter. 
We therefore present and discuss the relevant recom-
mendations of thyroid specialty societies from 
 Germany and abroad. 

Learning objectives 
The purpose of this article is to enable readers to
● recognize the importance of an etiological diag-

nostic work-up for diffuse or nodular goiter,
● understand the use of particular diagnostic tests 

as part of this work-up, and
● gain an overview of the current scientific evi-

dence regarding the treatment options for 
 diffuse and nodular goiter.

The epidemiology and clinical features of 
diffuse and nodular goiter 
Thyroid enlargement and thyroid nodules are com-
mon in the general population. In the first phase of 
the Study of Health in Pomerania (SHIP), whose 
 results were published in 2003, 35.9% of the 3941 
probands not previously known to have thyroid dis-
ease had a goiter, and 20.2% had thyroid nodules (1). 
In the Papillon study, in which 96 278 working 
adults without known thyroid disease were examin-
ed, 9.7% had a goiter, and 23.3% had thyroid 
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Definition
Goiter is defined as a thyroid gland whose 
 volume exceeds 18 mL (for a woman) or 25 mL 
(for a man).
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 nodules. The prevalence of these two conditions is 
closely correlated with the dietary intake of iodine. 
In the recently published 5-year follow-up study of 
the SHIP cohort, both conditions were found to have 
become rarer as iodine intake increased (e1). 

The pathogenesis of diffuse and nodular goiter is 
shown graphically in Figures 1 and 2 (3, 5, e2). 

Goiter is asymptomatic in most cases (4); it may 
be suspected if the patient has noticed a change in 
collar size or has recently stopped wearing necklaces 
or turtleneck sweaters. Thyroid enlargement to a size 
of 40 mL or more is generally visible (4). Mechan-
ical compression of the trachea and/or esophagus 
was found to be present in 30% to 85% of the pa-
tients in a surgical case series, even in some who 
were apparently asymptomatic (4). The location of a 
goiter and the dynamics of its growth determine 
whether, and how, it will produce symptoms: Retro-
sternal goiter often causes dysphagia, while retro -
tracheal goiter often causes dyspnea (4). 

The diagnostic evaluation of diffuse and 
nodular goiter
When goiter is suspected, or the thyroid gland is 
 visibly enlarged, a basic diagnostic evaluation is in-
dicated, consisting of the following tests (5–7): 
● targeted history-taking and physical examin-

ation with attention to the cause of goiter, poten-
tially abnormal thyroid function, and any 
 symptoms or signs of mechanical compression; 

● thyroid ultrasonography to confirm enlarge-
ment, to distinguish diffuse from uni- or 
 multinodular goiter, and to reveal possible other 
causes of goiter (Table 1);

● measurement of thyroid-stimulating hormone 
(TSH) for the evaluation of thyroid function. 

If the clinical or ultrasonographic examination re-
veals nodular goiter with one or more nodules, two 
further questions must be answered: 
● Is autonomous thyroid function present (i.e., is 

the nodule “hot”)?
● Is (are) the nodule(s) benign or malignant? 
Aside from history-taking and physical examin-

ation, the tests that can help answer these questions 
include laboratory testing, functional studies (scin -
tigraphy), imaging studies (ultrasonography and, in 
special cases, computerized tomography without 
contrast medium or magnetic resonance 
 tomography), and fine-needle biopsy (FNB). Their 

indications and uses in the evaluation of nodular 
goiter are summarized in the following paragraphs 
(5–7). 

History and physical examination in nodular goiter 
A targeted history should be taken to determine 
whether there are any mechanical symptoms such as 
exertional dyspnea and/or dysphagia and to identify 
any features that would arouse a suspicion of cancer. 
The patient should be asked about 
● the duration and progression of thyroid enlarge-

ment, 
● any prior irradiation of the head-and-neck re-

gion (which would increase the risk of thyroid 
cancer),

● new hoarseness,
● any family history of thyroid cancer that would 

point to a possible hereditary predisposition, e.g., 
in type 2 multiple endocrine neoplasia. 

The absence of suggestive symptoms, however, 
does not rule out thyroid cancer (6). 

By palpating the thyroid gland, the examiner can 
judge the extent of enlargement and seek physical 
evidence of malignancy (a hard thyroid mass that 
does not move on swallowing; enlarged cervical 
lymph nodes) or, alternatively, of other diseases that 
might be misdiagnosed as nodular goiter. For 
example, discomfort on light touch and pain on local 
pressure are typical of de Quervain’s thyroiditis (6). 

Laboratory tests in nodular goiter 
Not only the serum TSH concentration, but also the 
serum calcitonin concentration should be measured 
in every patient with euthyroid nodular goiter, so that 
medullary thyroid carcinoma (MTC) will not be 
overlooked (5, 7–8). If the basal calcitonin level is 
reproducibly elevated (baseline values vary depend-
ing on the particular test used), then further testing 
should be done to rule out other causes of hypercal-
citoninemia: the Thyroid Section of the German 
 Society of Endocrinology (Deutsche Gesellschaft für 
Endokrinologie, DGE) recommends a stimulation 
test with pentagastrin or calcium (8, e3). 

Testing for thyroid auto-antibodies (thyroperox-
idase [TPO] and TSH-receptor antibodies) is recom-
mended only if thyroid function is abnormal or if the 
ultrasonographic examination arouses the suspicion 
of an autoimmune thyropathy (6, 7). Thyroglobulin 
measurement is not indicated in nodular goiter (6, 7).

Diagnostic evaluation
• History-taking and physical examination with 

attention to the cause of goiter 
• Thyroid ultrasonography
• Measurement of thyroid-stimulating hormone 

(TSH) for the evaluation of thyroid function 

The clinical history in nodular goiter
• Progression of thyroid enlargement?
 • Prior irradiation of the head-and-neck region?
• New hoarseness?
• Family history of thyroid cancer with a possible 

hereditary predisposition?
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Ultrasonography in the differential diagnosis  
of nodular goiter
Ultrasonography is used to screen for “suspect,” i.e., 
potentially cancerous, nodules that require further 
evaluation by either fine-needle biopsy (which yields a 
specimen for cytological examination) or open surgi-
cal resection (after which the entire nodule can be 
examined histopathologically) (5, 6, 9). Ultrasono-
graphic findings such as a solid, hypoechoic nodule, 
microcalcifications, an intranodular vascularization 
pattern, and poorly demarcated tumor borders are 
more common in malignant than in benign nodules. 
Each of these individual findings is of low specificity 
for malignancy and must not be misinterpreted as hard 
evidence from which an ultrasound-based, quasi-
 histological diagnosis can be made (Table 2) (6, 9). 
According to published data, the presence of multiple 
suspect ultrasonographic findings in a thyroid nodule 
is 83% to 99% sensitive and 56% to 85% specific for 

malignancy (9). In recent years, thyroid ultraso-
nography and color-coded duplex ultrasonography 
have been increasingly supplemented by elastography 
for the differential diagnosis of nodular goiter (10). 
Thyroid cancer typically has an altered tissue consist-
ency that manifests itself as diminished compressibil-
ity in an elastographic study (10, e4). 

The differential diagnosis of multinodular goiter is 
particularly challenging. Suspect nodules must be 
identified by a combination of ultrasonography and 
scintigraphy, with special attention to ultra -
sonographically abnormal areas that are either non-
 autononomous or cold (6). 

Scintigraphy in the differential diagnosis of nodular goiter 
Focally autonomous areas can be detected much ear-
lier by scintigraphy than by TSH measurement (11). 
In Germany—a country with previous iodine defi-
ciency—baseline scintigraphy is performed for all 

Ultrasonography in the differential 
 diagnosis of nodular goiter
Ultrasonography is used to screen for “suspect,” 
i.e., potentially cancerous, nodules that need 
further evaluation by either fine-needle biopsy 
(for cytology) or surgical resection (for histology).

Thyroid cancer
According to published data, the presence of 
multiple suspect ultrasonographic findings in a 
thyroid nodule is 83–99% sensitive and 56–85% 
specific for malignancy. 

TABLE 1

Causes of thyroid enlargement (goiter)

IGF, insulin-like growth factor;  
TSH, thyroid-stimulating hormone; TSH-oma,TSH-secreting pituitary adenoma; TSH-R-AB, TSH-receptor antibodies  

Disease entity

Diffuse goiter 

Uni- or multinodular goiter

Thyroid cancer

Autoimmune thyroiditis 

De Quervain’s thyroiditis

Riedel’s thyroiditis

Thyroid cyst

Impaired thyroxine synthesis

Thyroxine resistance

Acromegaly

Drugs 
(lithium, thyrostatic drugs) 

TSH-oma

Thyroid function 

euthyroid 

euthyroid-hyperthyroid 

euthyroid 

euthyroid, hypo- or hyperthyroid 

euthyroid, hypo- or hyperthyroid 

euthyroid 

euthyroid 

hypothyroid-euthyroid 

euthyroid 

euthyroid 

euthyroid-hypothyroid 

hyperthyroid 

Remarks

in regions of iodine deficiency, may coexist with autoimmune 
thyroiditis 

may be present within a nodular goiter and/or autoimmune 
thyroiditis 

thyrocyte destruction in Hashimoto’s thyroiditis, TSH-R-AB-
mediated thyrocyte stimulation in Graves’ disease

typically, tenderness of the thyroid; fever; poor general state

TSH-triggered multinodular goiter

End-organ-dependent function

IGF-1-dependent

TSH-dependent
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nodules larger than 10 mm in size, regardless of the 
TSH value, so that autonomous thyroid function 
(“hot” nodules) will not be missed (6, 11). In the in-
ternational guidelines, scintigraphy is recommended 
in all cases of multiple thyroid nodules, regardless of 
dietary iodine intake, to ensure the detection of all 
functionally non-autonomous nodules that will need 
to be examined for potential malignancy (6).

If the patient is in a euthyroid metabolic state and 
scintigraphy reveals focally increased uptake (a so-
called “warm” nodule), a scintigraphic suppression 
scan is often needed to differentiate true autonomous 
thyroid function from volume artefacts (size ratio of 
nodule to thyroid lobe) (5). If autonomous function is 
demonstrated, then the nodule will not need to be 
examined for potential malignancy, as the vast major-
ity of autonomous adenomas are benign (5, 6).

 
Fine-needle biopsy in the differential diagnosis  
of nodular goiter
The main task of fine-needle biopsy (FNB) is to select 
thyroid nodules that should be histologically examined 
for malignancy (5, 6, 12–14). Its twin goals are the 
early detection of malignant tumors that would other-
wise be missed, so that they can be properly treated, 
and the prevention of needless operations for sus-
pected cancer (for example, operations based solely on 
the finding of a cold nodule). An experienced team 
performing FNB of thyroid nodules can diagnose pap-
illary, medullary, poorly differentiated, and anaplastic 
thyroid carcinomas with high accuracy (12–14). FNB 
also usually enables the cytological diagnosis of 
simple hyperplastic nodules and the evaluation of 
cystic lesions. The cytological diagnosis of “follicular 
neoplasia” in a non-autonomous nodule calls for 
further histological examination (12–14). In the past, 
FNB was held to be indicated in every case of a cold 
thyroid nodule in a euthyroid patient. The current rec-
ommendations are more selective: FNB is indicated 
when autonomous thyroid function has been ruled out 
and a thyroid nodule is considered suspect for 
 malignancy by ultrasonographic criteria (e.g., a solid, 
hypoechoic nodule with a poorly demarcated edge 
[Tables 2 and 3]), and in patients known to be at in-
creased risk for thyroid cancer (prior irradiation, 
 positive family history) (6). The current German rec-
ommendation that FNB should not be performed on 
nodules measuring less than 1 cm is based on practical 
considerations, as the accuracy of such biopsies is low, 

and nodules that are so small are usually clinically in-
significant (5). Thyroid societies in other countries, 
however, recommend FNB even on 5-mm nodules if 
they are suspect by ultrasonographic criteria (6).

Special considerations in the diagnostic evaluation  
of retrosternal nodular goiter 
 An iodine isotope study is preferred for the evaluation 
of retrosternal goiter because iodine is stored in thyro-
cytes, rather than just accumulating in them tempo -
rarily, as technetium-99m pertechnetate does. This 
property enables the generation of late images that are 
largely free of background noise. Iodine-123 is 
 generally used (11). Aside from thyroid scintigraphy, 
magnetic resonance imaging (MRI) and non-contrast 
computerized tomography (CT) of the neck and chest 
are suitable techniques for evaluating the potential 
retrosternal extension of a large goiter (caution: iodi-
nated contrast medium can induce hyperthyroidism in 
patients with unrecognized autonomous thyroid func-
tion). Airway obstruction by a goiter can be reliably 
 assessed with whole-body plethysmography (4). 

The differential diagnosis of multinodular 
goiter
The differential diagnosis of multinodular goiter 
is particularly challenging. Suspect nodules are 
identified by a combination of ultrasonography 
and scintigraphy.

The indications for fine-needle biopsy
Fine-needle biopsy is currently held to be 
 indicated only when autonomous thyroid function 
has been ruled out and a thyroid nodule is 
 considered suspect for malignancy by ultra -
sonographic criteria.

goitrogens

selenium, 
zinc, 
or iron 
deficiency (?)

smoking

iodine deficiency

nodular goiter

genetic predisposition
age

pregnancy

proliferation
H2O2

DNA damage

FIGURE 1

The multifactorial origin of goiter: The most important known, preventable cause of 
 thyroid enlargement is iodine deficiency. The prevalence of goiter is directly related to iodine 
deficiency and tends to decrease when the iodine intake of a population is increased. The 
risk factors for goiter include intrinsic biological factors (which account for the five- to 
 tenfold higher prevalence of goiter among women) as well as cigarette smoking, naturally 
occurring goitrogens, selenium or zinc deficiency, and emotional stress. 
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The treatment of euthyroid goiter  
with and without nodules 
There are hardly any evidence-based recommendations 
for the treatment of euthyroid diffuse goiter and nod-
ular goiter. Potential management strategies include 
watchful waiting for asymptomatic patients, drug treat-
ment, radioactive iodine therapy, and surgery. The 
choice among them is taken individually for each pa-
tient in view of the risks, benefits, and availability of 
the various techniques, the experience of the treating 
physicians, and the patient’s wishes. Hardly any com-
parative studies of the effectiveness and side effects of 
different treatments have been carried out to date.

Euthyroid diffuse goiter
Iodine deficiency is the main cause of euthyroid 
 diffuse goiter; accordingly, correction of the intra-
thyroid iodine deficiency is the main objective of 
treatment. In children and prepubertal adolescents, 
the use of iodide in a dose of 150–200 µg  per day is 
the treatment of choice (15). Iodide monotherapy 
may also be an effective treatment for pubertal 
 adolescents and young adults, but little scientific 
evidence is available on this matter. Instead of 

monotherapy, adults can be treated with a 2:1 combi-
nation of iodide and levothyroxine (e.g., 150 µg of 
iodide and 75 µg of levothyroxine per day), which 
generally brings about a reduction of the size of the 
thyroid gland over a period of 12 to 18 months (4). 
Once the treatment is over, it is important for the 
 patient to keep on consuming adequate amounts of 
iodine (Table 4) (15). Outdated treatments include 
TSH suppression and levothyroxine monotherapy for 
diffuse goiter. The latter only worsens the intra -
thyroid iodine deficiency, and the thyroid gland 
starts to enlarge again as soon as the medication is 
stopped (4).

Euthyroid nodular goiter—to treat or not to treat?
Treatment is clearly indicated if there is a suspicion 
of cancer, or if the patient has mechanical symptoms. 
Only sparse data are available on the natural course 
of euthyroid goiter as such (4). According to older 
studies, euthyroid patients with nodules exhibiting 
autonomous thyroid function risk developing hyper-
thyroidism at a rate of roughly 4% per year (e6). A 
further danger for such patients is decompensation of 
autonomous function consequent to iodine contami-
nation (radiological contrast media or amiodarone) 
(16). Sandrock followed a group of euthyroid pa-
tients with autonomous function who were exposed 
to an excessive amount of iodine: 31% developed 
 hyperthyroidism in their further course (e6). Other 
authors have reported lower rates of hyperthyroidism 
after cardiac catheterization studies and the like (e7). 
Autonomous thyroid function is generally an indi-
cation for treatment not just in patients with hyper-
thyroidism (whether subclinical or overt), but also in 
those who are (still) in a euthyroid metabolic state. 
The indication also depends on the volume of the au-
tonomously functioning region. Treatment is strongly 
indicated in multimorbid patients and those who are 
likely to undergo radiological contrast studies in the 
future (6, 7). The definitive treatment of auton-
omously functioning thyroid nodules is with surgery 
or radioactive iodine therapy (6, 7). 

Drug treatment for nodular goiter 
Euthyroid patients with nodular goiter have been 
treated medically in Germany for many years, yet the 
state of the evidence from studies performed across 
the world still leaves room for debate (4, 6, 17, 18, 
e8). In the prospective German LISA trial, whose 

Euthyroid diffuse goiter
Hardly any comparative studies of the effective-
ness and side effects of different treatments for 
euthyroid diffuse goiter have been carried out to 
date.

The treatment of euthyroid nodular goiter 
Outdated treatments include TSH suppression 
and levothyroxine monotherapy for goiter. 
The latter only worsens the intrathyroid iodine 
de ficiency, and the thyroid gland enlarges again 
when the medication is stopped.

proliferation mutagenesis

somatic mutation

selectionadaption

iodine deficiency 

oxidative stress

FIGURE 2

Hypothetical model of the pathogenesis of nodular goiter: Nod-
ular goiters are very heterogeneous in their functional, structural, and 
molecular genetic features (4). It is currently thought that, in persons 
with both a genetic predisposition and an iodine deficiency, a “muta-
genic environment” arises (increased cellular proliferation and 
formation of free radicals) that promotes the appearance of somatic 
mutations in thyrocytes. A clonal thyroid tumor forms when the 
 genetic defect is not repaired and the mutation is of a type that gives 
the proliferating cells a selective advantage
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 results were recently published, 1024 patients with 
thyroid nodules/goiter were treated for a year with 
TSH-adapted levothyroxine (LT4), an LT4-iodide 
combination, iodide alone, or placebo (17). After 
three months of treatment, the levothyroxine dose 
was adjusted so that the TSH value came into the tar-
get range (0.2–0.8 mU/L). A nodular volume reduc-
tion of 21.6% was observed under LT4-iodide 
 combination therapy, compared to a 5.2% reduction 
with placebo. Combination therapy was superior to 
both levothyroxine monotherapy (12.6% volume 
 reduction) and iodide monotherapy (9% volume re-
duction). Over the same period of time, the patients’ 
thyroid volumes were reduced by 10% under LT4-
 iodide combination therapy, compared to 1.9% with 
placebo. This is the first large-scale, placebo-
 controlled trial to demonstrate volume reduction in 
nodular goiter with levothyroxine–iodide treatment 
even without TSH suppression. Some practical 
 questions remain to be addressed, including the 
long-term course of thyroid nodules after the end of 
treatment, the potential indication for switching to 
iodide monotherapy for long-term treatment, and the 
optimal target range for long-term TSH control to 
achieve a lasting reduction in nodular volume (17). 

The advantages of drug therapy are low cost, 
non-invasiveness, and no need for hospitalization.

The disadvantages of drug therapy are its 
 unclear mechanism of action, the lack of data on 
long-term success, iatrogenic hyperthyroidism, dim-
inishing compliance over time, and inadequate effec-
tiveness for large, nodular goiters. 

Radioactive iodine therapy
Radioactive iodine therapy is an effective means of 
reducing the volume of goiters, even if they are large 
or very large (100 to 300 mL), by 35% to 40% in one 
year and by 40% to 60% in two years, with resulting 
improvement of airway function (18–20). It is thus 
clearly superior to drug treatment for thyroid volume 
reduction and is a good alternative to goiter surgery, 
particularly for patients whose livelihood depends on 
speech (because there is no risk of recurrent laryn-
geal nerve palsy) and for multimorbid elderly 
 patients (18–20). Goiter very rarely recurs after 
radioactive iodine therapy, and, when it does, after a 
long delay. If the treatment does not reduce the thy-
roid volume adequately, it can be repeated without 
difficulty. One should bear in mind, however, that, 

while the thyroid volume is usually reduced within 
three months, the latency to successful treatment can 
also be longer (18–20). 

The extent of thyroid volume reduction is corre-
lated with
● the age of the patient,
● the duration of goiter (treatment is more effec-

tive in younger patients with fewer regressive 
changes), 

● the size of the goiter, 
● the treatment activity level, and
●  the homogeneity of iodine storage (20). 
The potential long-term complications of radioac-

tive iodine therapy for nodular goiter are hypo -
thyroidism requiring substitution (22% to 58% with-
in 5 to 8 years of treatment) and, in rare cases (<5%), 
autoimmune thyroid disease. Patients with large nod-
ular goiters should be told before treatment that 
larger treatment volumes necessitate higher levels of 
radioactivity and, therefore, a longer hospitalization 
(20).

The advantages of radioactive iodine therapy 
are the lack of need for general anesthesia and 
 surgery, the paucity of side effects, the possibility of 
retreatment if needed, and the even greater efficacy 
in volume reduction that can be achieved when 
radioactive iodine therapy is given together with 
 recombinant TSH (19).

The disadvantages of radioactive iodine ther-
apy are a longer hospitalization than is needed for 

Beware of iodine contamination
 Euthyroid patients with hot nodules are at risk of 
decompensation of autonomous thyroid function 
as a consequence of iodine contamination 
 (radiological contrast media or amiodarone). 

Radioactive iodine therapy
Radioactive iodine therapy is clearly superior to 
drug treatment for thyroid volume reduction 
and is a good alternative to goiter surgery, 
 particularly for elderly patients and those 
whose livelihood depends on speech.

TABLE 2

Ultrasonographic criteria for thyroid cancer

*1 Probability that thyroid cancer will be diagnosed if the criterion is met
*2 Probability that thyroid cancer will be ruled out if the criterion is not met (9)

Criterion

Hypoechoic area

Microcalcifications

Poorly demarcated border / 
no halo effect

Intranodular vascularization

Anteroposterior diameter/ 
transverse diameter >1

Positive  
predictive 
value*1 (%) 

74–94 

42–94 

39–98 

86–97 

75

Negative  
predictive 
value*2 (%) 

11–68

24–71 

9–60

24–42 

67
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thyroid surgery, the latency to treatment success, 
transient swelling, (rarely) painful radiation 
 thyroiditis and hyperthyroidism due to thyrocyte de-
generation, the new manifestation of autoimmune 
hyperthyroidism, the need for regular clinical 
 follow-up for the potential development of hypothy-
roidism, and the individually variable impairment of 
quality of life under thyroid hormone replacement 
therapy. 

Surgery
Thyroid surgery is obligatory whenever cancer is 
suspected; it rapidly relieves the mechanical symp-
toms of benign nodular goiter (6, 21). Other indi-
cations include retrosternal or mediastinal extension 
of a goiter and uni- or multifocal autonomy of 
 thyroid function (in the latter case, surgery is an al-
ternative to radioactive iodine therapy). The serum 

calcitonin concentration should be measured for the 
detection of medullary thyroid carcinoma before any 
operation is performed for nodular goiter (8, 21).

In 2011, the German Working Group for Endo-
crine Surgery (Chirurgische Arbeitsgemeinschaft 
Endokrinologie, CAEK) published its practice rec-
ommendations on the indications and techniques of 
surgery for benign nodular goiter (21). It is recom-
mended that the decisions whether to operate and, if 
so, how much thyroid tissue to resect (hemi-, subto-
tal, near-total, or total thyroidectomy) should be 
allowed to depend on the structural changes that are 
present in the individual case (ideally, no nodules 
should be left in place that might lead to recurrent 
disease) and on the risk of complications (recurrent 
laryngeal nerve palsy, postoperative hypopara -
thyroidism) (21). The overall rate of postoperative 
recurrent laryngeal palsy, according to the current 
literature, is 2.9% (transient) and 0.7% (permanent); 
 factors affecting the rate of recurrent laryngeal palsy 
include the surgeon’s skill and experience, the extent 
of resection, whether the operation is an initial pro-
cedure or a reoperation, and the presence or absence 
of thyroid cancer (21, e9–e14). Permanent post -
operative hypoparathyroidism is another compli-
cation that leads to considerable morbidity (tetany, 
hypercalcemic crisis, end-organ damage due to cal-
cium deposition) (21, 22). The reported rates of post-
operative hypoparathyroidism are mostly in the 
range of 0.5% to 6.6%, but much higher in some 
series; the rates in endocrine surgery centers range 
from 0.9% to 1.6% (21, 22). This is a further reason 
why, aside from careful consideration of the possible 
indication for surgery, the actual performance of the 
procedure should be in the hands of an experienced 
surgeon, preferably one specialized in endocrine 
 surgery (21). The CAEK recommends autotransplan-
tation of parathyroid tissue into the cervical muscu-
lature if it becomes evident during the procedure that 
the parathyroid glands have been resected (21).

The advantages of surgery are the rapid elimin-
ation of mechanical symptoms and autonomous 
 thyroid function and the provision of tissue for histo-
logical examination, so that a diagnosis of cancer 
can be either confirmed or excluded. 

The disadvantages of surgery are the need for 
hospitalization for an invasive procedure, the risks of 
recurrent laryngeal nerve palsy and hypoparathy-
roidism, the variable cosmetic result, and the 

Patient information for radioactive iodine 
therapy
Patients with large nodular goiters should be 
told before treatment that larger treatment vol-
umes necessitate higher levels of radioactivity 
and, therefore, a longer hospitalization. 

Complications of thyroid surgery
• Permanent postoperative hypoparathyroidism, 

which leads to considerable mortality
• Recurrent laryngeal nerve palsy (transient or 

permanent)

TABLE 3

Classification of thyroid cytology (12) 

*two categories in the Bethesda classification (14)

Finding    

Inadequate

Negative

Uncertain/histological*,  
in need of further evaluation* 

Suspect for (non-follicular) 
malignancy 

Positive

Criteria

Material containing few or no thyrocytes from solid 
or partly liquid nodules 
(exception: colloid nodules)

Any or all of the changes found in normal and 
hyperplastic thyroid glands (follicular adenomas 
with large- and mid-sized follicles),including 
regressive changes, cysts, and hemorrhagic 
(pseudo-)cysts, colloid nodules, and thyroiditis; 
clinical and/or cytological follow-up are sometimes 
recommended

Changes that are seen in highly cellular adeno-
mas and follicular carcinomas, including oncocytic 
variants; corresponds to follicular/oncocytic prolif-
eration or neoplasia; moreover, some of the crite-
ria of other types of malignant tumor may be 
 present, e.g., papillary carcinoma

Changes highly indicative of malignancy, although 
not all of the corresponding criteria are met 

Changes meeting the criteria for papillary, medul-
lary, or poorly differentiated thyroid carcinoma, or 
for other types of cancer
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 individually variable impairment of quality of life 
under thyroid hormone replacement therapy.

Assessment of the available treatment options 
Treatment is obligatory only when cancer is 
 suspected, when the patient has symptoms, or when 
autonomous thyroid function is present. Asymptom -
atic, benign changes of the thyroid generally require 
no treatment. Medical therapy with levothyroxine 
and iodide for one year can reduce the size of (small) 
nodular goiters, and TSH suppression is not necess-
ary for effective treatment; the long-term results of 
such treatment, however, are not yet fully clear (in 
particular, the rate of late progression with mechan-
ical symptoms is unknown, as is the long-term risk 
of malignancy). Iatrogenic hyperthyroidism, whether 
subclinical or overt, increases the risk of cardiovas-
cular events and osteoporosis and should be avoided 
at all costs. This is the main reason why levothyrox-
ine treatment is not recommended for elderly 
 patients (6). If volume reduction is the main goal of 
treatment for symptomatic, euthyroid nodular goiter, 
the other treatment options are surgery and radioac-
tive iodine therapy (20). The volume-reducing effect 
of the latter can be potentiated with the use of recom-
binant TSH (which has not, however, been approved 
for this purpose) (19). Surgical resection is manda-
tory whenever cancer is suspected. Autonomous thy-
roid function calls for ablative treatment either by 
radioactive iodine therapy or by surgery, even when 
the patient is (still) in a euthyroid metabolic state, 
because of its potential long-term sequelae (overt hy-
perthyroidism, iodine-induced hyperthyroidism) (6). 

Clinical follow-up and further care after 
treatment
Whenever a diffuse or nodular benign goiter is 
treated conservatively (i.e., with watchful waiting or 
with medications), clinical follow-up examinations 
should ensue every 6 to 18 months, so that the fol-
lowing questions can be answered (5–7):
● Has the volume of the thyroid gland changed 

since the last follow-up? 
● Have the previously existing thyroid nodules 

changed in size or shape, and have any new 
ones appeared? 

● Has there been any change in thyroid function, 
e.g., new hyperthyroidism after a radiological 
contrast study because of previously unrecog-

nized autonomous thyroid function or new hy-
pothyroidism due to autoimmune thyroiditis in 
a nodular goiter? 

History-taking, physical examination, ultraso-
nography, and TSH measurement generally consti-
tute an adequate clinical follow-up. Any change in 
the findings warrants a targeted diagnostic evalu-
ation analogous to the initial evaluation of diffuse or 
nodular goiter. If drug treatment has been decided 
upon, the patient’s thyroid function should be re-
checked regularly (the first time three months after 
the start of treatment), as epidemiological studies re-
veal that many patients taking thyroid medication 
have TSH values outside the normal range (24, e12).

Patients who have undergone radioactive iodine 
therapy need lifelong clinical follow-up, as they may 
develop hypothyroidism. The rate of development of 
hypothyroidism depends on the particular thyroid 
disease that was treated, the radiation dose that was 
given, and the functional reserve capacity that the 
patient’s healthy thyroid tissue had before treatment. 
Hypothyroidism is rare after the treatment of a single 
focus of autonomous thyroid function; on the other 
hand, 30% of patients who undergo radioactive io -
dine treatment for disseminated functional autonomy 
will develop hypothyroidism within 10 years (20).

After thyroid surgery, the potential need for thyroid 
hormone substitution should be assessed. This need is a 
function of the amount of tissue remaining in place 
after surgery. Total or near-total thyroidectomy should 
be immediately followed by the initiation of levothy-
roxine substitution in a dose that is proportional to the 

Treatment options
Iatrogenic hyperthyroidism (subclinical or overt) 
increases the risk of cardiovascular events and 
osteoporosis and should be avoided at all costs. 
This is the main reason why drug treatment is 
not recommended for elderly patients.  

Further care
Patients who have undergone radioactive iodine 
therapy need lifelong clinical follow-up, as they 
may develop hypothyroidism.

TABLE 4

Daily iodine requirement (WHO recommendation)

Age 

0 to 5 years

6 to 12 years

from age 13

Pregnancy

Breastfeeding

Daily iodine requirement

 90 µg 

120 µg 

150 µg 

250 µg 

250 µg 
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patient’s body weight (1.6–1.8 µg LT4 / kg BW). As 
iodine deficiency is the most important avoidable cause 
of goiter, LT4 substitution can be given in combination 
with iodide (7). The first TSH check can be performed 
six weeks after levothyroxine substitution is begun 
(goal: TSH in euthyroid range). Patients who are under 
treatment with hormone substitution need lifelong 
 follow-up (annual follow-up if they are on a stable 
dose). TSH suppression must be strictly avoided, as it 
elevates the risk of atrial fibrillation and unfavorably 
affects bone metabolism (24).

If the histological examination has revealed thyroid 
cancer, then specific further treatment is needed (25). 
For the timely detection of (usually transient) post -
operative hypoparathyroidism, the serum calcium 
concentration and, if indicated, the parathyroid 
 hormone (PTH) concentration should be measured on 
the first and second days after surgery, and at any later 
time should symptoms arise (21, 22). Tetany can be 
prevented by early substitution with 1,25-
 dihydroxy-cholecalciferol (active vitamin D3, calci-
triol) and calcium. Once the calcium values have 
 stabilized, the treatment can often be tapered off in 
one to two weeks (22).

Hypoparathyroidism lasting longer than six months 
meets the definition of permanent hypoparathyroidism 
(22). It is preferably treated with calcitriol, which has a 
more rapid onset of action than other vitamin D deriva-
tives, as well as a more rapid offset of action in case of 
an overdose (ca. 2 to 3 days) (22, 23), and does not 
need to be activated in the kidneys through the effect of 
PTH. 0.25 to 1 µg of calcitriol b.i.d. or t.i.d. usually 
suffices (22, 23). In addition, calcium is given by 
mouth (500 to 1000 mg t.i.d. of calcium carbonate or 
calcium citrate), in combination with a proton-pump 
inhibitor. The dose should not exceed 500 to 1000 mg 
t.i.d., as higher doses can cause diarrhea. The impaired 
renal reabsorption of calcium is unaffected by treat-
ment, as it depends on PTH, which is deficient; the 
 resulting hypercalciuria can lead to the formation of 
kidney stones (22). Thus, substitution with vitamin D 
preparations or analogues is an unsatisfactory compro-
mise solution in the absence of a physiological 
 replacement for parathyroid hormone. The goals of 
substitution therapy are the prevention of symptoms of 
hypocalcemia and the avoidance of clinically relevant 
hypercalciuria by keeping the serum calcium concen-
tration in or just below the low-normal range (serum 
 albumin–corrected concentration ca. 2.02 to 2.12 

mmoL/L). Hypercalciuria can also be lessened by con-
current treatment with hydrochlorothiazide (25 mg 
q.d.), while hyperphosphatemia can be treated with a 
modified diet, and the use of phosphate binders can 
also be considered (22). Patients with postoperative 
 hypoparathyroidism need lifelong follow-up: their cal-
cium and phosphate concentrations should be 
measured weekly at first, then once every three 
months, and the serum creatinine concentration and 
urinary calcium excretion should be checked every six 
months. Further recommendations for follow-up 
 include renal ultrasonography (to detect kidney stones) 
and ophthalmological examination for cataracts, both 
at intervals of one to two years (22). 
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consequences.”
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Please answer the following questions to participate in our certified Continuing Medical Education program. 
Only one answer is possible per question. Please select the answer that is most appropriate.

Question 1
What percentage of participants without previously known 
 thyroid disease in the Study of Health in Pomerania were found 
to have a thyroid nodule?
a) 10.1%
b) 20.2%
c) 30.3%
d) 40.4%
e) 50.5%

Question 2 
Which of the following should be measured, along with TSH, as 
part of the basic diagnostic evaluation of any patient with a 
 euthyroid nodular goiter, so that medullary thyroid cancer will be 
detected if present?
a) Calcitonin
b) Thyroglobulin
c) Thyroperoxidase
d) Calcium
e) Magnesium

Question 3
 In Germany, what size of a thyroid nodule is considered the 
threshold value for the performance of baseline scintigraphy, 
 regardless of the TSH concentration?
a) 2 mm
b) 4 mm
c) 6 mm
d) 8 mm
e) 10 mm

Question 4
 According to the current German recommendations, what 
 laboratory tests should be performed in the initial diagnostic 
evaluation of euthyroid nodular goiter?
a) Thyroid-stimulating hormone (TSH) and calcitonin
b) Thyroglobulin and FT4
c) FT3 and FT4
d) iodinated FT4 and calcitonin
e) Thyroperoxidase antibodies and thyroglobulin

Question 5
According to the current German recommendations, when is 
fine-needle biopsy indicated for the differential-diagnostic 
 evaluation of thyroid nodules?
a) when a nodule measures less than 8 mm
b) when a nodule is suspect for cancer by ultrasonographic criteria
c) for any cold thyroid nodule in a euthyroid patient
d) for any enlarged nodule
e) when repeated ultrasonography leads to reclassification of the 

 nodule as no longer suspect

Question 6
A patient with tender enlargement of the thyroid presents 
for a differential-diagnostic evaluation. Laboratory testing 
reveals systemic inflammation, the patient is febrile, and 
his general condition is poor. What is the likely diagnosis?
a) Diffuse goiter
b) Nodular goiter
c) Goiter induced by medication (lithium)
d) Riedel’s thyroiditis
e) de Quervain’s thyroiditis

Question 7
 Which of the following tests are only recommended if 
 thyroid function is abnormal?
 a) Measurement of creatine kinase
b) Stimulation with pentagastrin or calcium
c) Fine-needle biopsy
d) Measurement of thyroperoxidase antibodies and TSH-receptor 

antibodies
e) Measurement of thyroglobulin

Question 8
How sensitive is the presence of multiple suspect ultra -
sonographic findings for the detection of thyroid cancer?
a) 83–99%
b) 72–88%
c) 61–77%
d) 50–66%
e) 30–50%

Question 9
What test enables the earliest possible detection of focal 
autonomy in a nodular goiter?
a) TSH measurement 
b) Calcitonin measurement
c) Scintigraphy
d) Doppler ultraonography
e) Computerized tomography 

Question 10
What should be the interval between follow-up visits of a 
patient treated conservatively for benign diffuse or nodular 
goiter?
a) 4 weeks
b) 2–4 months
c) 4–5 months
d) 6–18 months
e) 24–36 months
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